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[/dug] mmm&M 
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^7l(CN) ^ qHS7l(N0 2 )^ #^3^ ^l«r7ll- 7VUvilole ^ 

£ 5 
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^l*^ ^ °1» £^Rr ell- 2l*l{A NON-AQUEOUS ELECTROLYTE AND A 
LITHIUM SECONDARY BATTERY COMPRISING THE SAME} 

£ l^r ^ 5]# a]*} 

£ 2^ ^^1^1 1 ^ wliH^l l ^ 2S1 <>1*} *i*l2] ^ip^ ^.o] £1 g 

£ 3^ ^AHl 2 * tiling l « 22] E]f oj*> ^}o) ^jt^ j^oi 

£ 4^ 2 ^ tiling 5^1 5]# Sl^S] C-rate°fl ^^-8: J±?J 

£ 6-& io~13 °A 8-115] ell- <>1*> ^)^\ *i£r ^R3* iL<el 

£ 7a ^ 7t>Tr ^ 10-13 ^ wlm^ 8-113] s]# °]x} tfl*H 

C-rate^l -§-^^# 1L91 

£ 8£ ^A]o}l 13 ^ a}^] g ^ 125] s]f- o]^> ^o] ^-ii-^-g- ^.o] 

<9> ^-o> 
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<io> ^tsfl^ £ ojl- S^-SKr E|# o]*} ^ofl ^o.^, D]^- 

£| ¥^l7> €^ 3*0^: *r 91^ «l*r^ ^ °1» ^&*Hr 3 
<ll> #5fl 

<12> ^ #*R]-<^ t^S. ^Hh^ «J ^^7> 7>^^>7fl =H1 4^ 

^r, SE^r ^ SE^r ^^7} 3- 

<is> e}-§- o}*} 3g^- h 0 v^ ^<y-^. 3.6-3.7 V "£^3 , Ni-MH 31*1, 

Ni-Cd ^-ofl ^ ^"i: *r ^IM" °)€ ^ ^-S- ^<a-# ^ 

7] ^^fl^i^ ^<y^<«o] o__ 4 2 vofl^i ^7is|-«)-^ 0.5. <£^& 

-8-^4. ^l&l*}. o^-frs. ofl^ ^^olH, cH€ ^vilolH, i^HH 7>^.vilolE 
^ 7>j£Ml°m?fl -g-t^ ^#^§- ^«fl^o.^ A>-g-^jL -LtHM- ole^ 

S^t 7>^1^ ^sfl^^r Ni-MH 31*1 SEfe- Ni-Cd -M-g-S^ ^rTfl (aqueous) #*fl°-3 

4. 
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Ell °l*r ^*]^ ^7) <S^91 &)# M-^ E)f- °"|£oj 

^ Shg-SH Li 2 C0 3 , LiO, LiOH S.^} sl5[f ^ 

-^tr^r. °1 el SEKSolid Electrolyte Interface) ^f-ol^-^L ^ ^ 

7H SEI s)nv^ ^« 0 v^^ e]l- ^ ^ cf# #^4^ ^ 

°}^. Htr °l£r E^don Tunnel)^ ^^*H ol-^nV-g. #:b}-a) ^tf. 

°1 °l£r E^£. E]# -g-nflsKsolvation)^ ^} 3. ^ofl 

^ -^71-g-nfll-ol ^ -g-^-ofl ^1 S o]E^ellol^5L]^ ^ -g^o] ?1 

3* 4<>r ^fe ^-a- W. ^Br^i ^ SEI 3qnvo] ^^slji q-^, e)# ^ 

*1 €^ ^^>1^ ^ sr>^ ^Tfl 3<H e]l- °l-gr^ °<M 7>*H iLsL 

-fV^mq. ^r, 3:71 oJl ^^ofljTl- W>-§-^ ^ ^igofl SEI 3]^^ 

3fl-*HH^ ^(passivation layer)# ^§^H ^fl^l C) £*fl£l*l <>> 

*m<& ^ H o v ^* -n-^l^ *r tr4(/. Power Sources, 51(1994), 79-104). °1e|*}- 

c^l-B-S Elf- #*}^ ^7]9\ av-g- ol^ d wl7V«^<?l sflAlallol^ ^ 

7 r i7> l^^cr ^-^1^°! &tf(/. Fewer Sources, 72(1998), 66-70). o]e^ 7>^S. 
^ -S-71 -g- nfl ^ f^ofl q-Sf H 2 , CO, C0 2 , CH 4, C 2 H 6 , C 3 H 8 , C 3 H 6 

€ ^ 5^. ^*1 ^€ 7>^ ^^A] 1=^3 ^Kg. 7^-g:Cf. 
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iflJM] <y-^o] ^^>7fl °leJ3: tfl#£) ^7>^ zj-ig ^sq- ^jy}- ^ 

^-#^^.5^ - ^-^^^ ^* 7} *lt§5)^ (swelling) 

<H1 Jl-^Sl W 0 >xl S^cHH ^ ^lM- 5}-f^7> JfLJf^. ^Aj-o] i^W". 

:n^H^ ais]^ ^ ^^oi %r*\)^o) oiq-. 

J£^>fe #n^°] A>-g-S]ji ojouf. o]§ ofl^a^) -g-nfls-g- 30 ifl*} 70% S.^- 

S Ji^ oflS7>£- o. (MC p )# A}^}<^ J7_^ ^^^JZ). ^^^^ 7 fl^^ HJ- 

A^A^AUournal of Electrochemical Society, 149(1) A(9)~A12(2002)). ZLs] 

M- ^3*1 ^ «J*H3 E^]] ^-^o. ^ ^--^^ A>-g-^ ^-foll^ £ 
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^^fl^ 0 l 7M3SW*1^*1 *fl5,352,458Jl ^ ^5,626,98131). ^4 *r*3 

<20> ol^-m*] ^1 5, 529, 859 Jl 7}iU1)oj eo|] -fM -g-nfloi 

v)^m.z>\ ^15,571,63531^^ ESl^} ^J&vlWH <2)- 7>Jii4MB*l| ^S^l^- -fM 

cH Xicf. ZL&|i4 ^ViL^HB^ (Viscosity)^ 3.JL ^<£-4 £3}^ 

^1 ^& ^-f^ ^3*1 ^-SJ=1^ MI^M 

HSi^! 7>^<4 &]# ^v11o1h» ^*H, ^l-g-^ ^-^I^Iji, «l7>^ -g-^=* 

?7M?l^ §-*«3H ojtj-. #7l Pl^-S.^^ B3-€31 ^vilolES^ ^ 

^HB* 1:1^ ^wlS. ^W<^ ^V-g-^VM; °1^^ (wettability)^ ^ 

[^°1 °1^^7l- *Kfr 7l#^ ^1] 
<21> £ ^9] ^-^^ Jf-^ €*1 ^3 7>^51 ^-g- o^l ^ 

^ 5£*f W# ^7^11- ^HHr °1*> ^1-8- «1^ 4^\7] 3 

<22> Cf=. 42-^-^ 7}^A$°.S- 91 & 7]fil ^^l 3*1 ^1 

7^ S-ol 5lf- °1*> ^l^*}7l 3ltb ^14. 
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<23> #7] £ ^-g- ^*>7l ^ Jltil^ ^-71 -g-nfl; ^ 

<24> £ tgj-tg a. a o V 7 ] S.^*}±r 3w °1*V 

<25> o}^v, £ ^-i- cl^r ^^W. 

<26> ^tiV^^l «1^741 E)# °1*> ^^1(1)^ £ l°fl 3E*1^ W>Sf ^-71 £ 

elf-oi-g-^ oiE^eflol^/c]oiE^eiloi^ 7 }-^ <£^(2) ^ ^(4)^.5. 

A>-g-*>i ^(2)4 ^(4) A>olofl 0^(6)1- #«3*H ^^-2:^ 

*fl(8)# ?1H^(10H $<H ^lS^cf. ^-71 £*1<3] 

(12)54- 7}^(W°-3- ^-S-W. A oM 5g #eflolE (12 )ofl^ ^oj- ^ 

*>fe (safety vent; 16)7> 4 s S£i=K #7l <£^(2) ^ -g-^UW 

'fl (18)31- -B-^- ^(20)# -g*lS>JL €^1(22, 24)^ ^ ^-8: y ^l^>7l 

3*H ^^4. ^-g-^M ^ofl #*fl^(26)-8: €*M(26)£r 

<27> w^oflA^ #^0] Elf-o^o] 7 >^^o] olE^^ol^/^olE^eflol^ol 7 >^ 

£^ El #4 7><**)0.iiL «hg-*H El-g-f"^- Sf^-i; ^ ^ <=r 

*M ^ SX^ h1# 
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<28> #71 3.*]$ JbMM S.^ o. 7flA j^. ^ ojo_q. 4M-g- 

nfl cq ^ofl cfl^H 30 M% ol^V A>-g-^>7ll 3^ -8-^4 ^"3*1 
^l^ol olo^ A>-g-S]^ ^§}J1 Sifter- 

<29> SE^V ^ o]^]- Sh^S.^ ^T^l-, Bl^-^^l 

i^t^ S-^^l f^l ^ olo| A}-g-o] TfltVSlJL $X^. ^-^M- £ 

A}-g-£}7m- ; ^^fl ^ A>^>^£ ^ 

mAh/g^l: ^Ml 300mAh/g-i- **Kr # 7 iH 5^. 3^ ^ ^ 

wj-^ -g-^xr 3*] ^> 9l3i ^'Stl ^1 2i^fl °1 ^T'V^r H(mesocarbon 

microbeads, MCMB)M- *H^3)Hi ^(mesocarbon fiber: MCFHl *}n *)7}<* -g-*£°l 
°- 3.JL ^ A o Vo l Jl^£3 H o v ^i ^HM p fl-T- ^W^tt 

&t]-. neiq- a. >^o) a>-§-^ 5 -g-^ %#^3 €<3 ^-8: A > 

<3i> £ w^o) ^gfl^^. jiw]^ -a-71 -g-pfl; 5^-1-^; ^ 3-3.31, ^r^l(CN) ^ MB 

37l(N0 2 )3 o]^^l ^E«£]i, ^1^-711- 7>*m n^l°lH ^7H13 Ol^^l 
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7>s>^ 7>i t^3^ *r 5^^, Jiwl^ -g-^ Aj-g- 

<33> # 7 ] 7>S.v1lolH ^7Hl^ Alo>i.7l(CN) ^ qH5.7l(N0 2 )S °l-f-<H*l 5 

°IH ^d^sl^r ^7l ^£7> ^ ^a}^^ (electron withdrawing group)!- 7>^14. 

<34> [Sr*H 1] 




<36> Aj-7] ^lo^ IS- 31, Alo^KCN) ^ qBS.7l(N0 2 )S. ol^-^^l Ai^j 

<37> #7] 7KM°1E ^7H1^ ^Sfl^ #^=ofl tfl^o} 0.01-10 Wf^^Ml^ 

0.01-5 ^%=%^1 <£_05. ^7>^cf. #7l Tj-Jiiflole ^7M2l A}-g-;£ol 0.01 *1 
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uV<£ ^.Oofl^ ft*] ifl^lA^ 7>i ^ 7lcfl^>7l ^ ^ J7 , 1 0 2: 

4*Hr Jl-8: ^r<3°l iVfH, ul£o|H §-^7> 

<38> ^f-cg o.^- LiP p 6( LiB p 4i LiSbF 6) LiAsF 6 , LiCIO 4> LiCF 3 S0 3 , 

Li(CF 3 S0 2 ) 2 N, LiC 4 F 9 S0 3 , LiAlO 4. L1AICI4, LiN(C x F 2 x+iS02)(CyF 2 y + iS0 2 )(<^ 7H , x ^ 
y^r ^^r°J), LiCl. ^ Li IS. °}^-°]*\ ^I^tt 1 # Hl^r 2 # <>1^8r 

<39> 0.6 2.0M ^ tfl<*IM *>-§-*l-fe w>^*M, 0.7 1.6M 

vfloflAi a>^>^ d] sl#<^^ ^£7> 0.6M ^l^l^ 

*UE5L7> ^o>^ giflg a^oI ^0^:2, 2.0M* 3^*}^ ^-Mfe $5^7} 
f7K}o] elf- o]£-o] ol^ol #^5]^ ^^l^o] ojcf. 

<41> #7] Jiwl^ $-7} -g-nfl^ aj^ol ioo°C wf^-^^Tfl^ 150 °C lit}- 

<42> -g- ^o\)x] Jlti]^ ^-71 -g- nfl ofl -^-71 -g-nfl S ^ S}7j 
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<43> 2] 
<44> (R) n 




711^ 1 ifl*l 5^ 3*r°14. 
<46> J7«l^ -H-71 -g-nfl^ ^VilojH^l -a-71 -g-nfl HL^ « 0 >^ ^-f^^ -?M 

<47> #7] ^a]^ n^-M]olB7^1 -B-71 ^-nflo) ^13^ <^15.^ ^7l 7mv1lolE^) 

±± t)v\M ^^l^BCDMC), ^Hli ^tllolH(DEC), 7}liUiH;E (MPC) , <H1 

?V^.tilo]E( EPC ) ) ofl^oll^ ^K^HBCMEC), HS^^l ^vilolH(PC), ^ 

<48> t^H^cr s$7] 7}*m]o}^ ^7}H)Q ^ ^ flfe ^7}*fl«- ^ 

i« ^ olcf. ^"71 ^ flfe ^7M1JL 

<49> [3}-*Hl 3] 
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<50> 



0 



II 

- S -I 
II 
0 



<5i> # 7 l -*HH Rj ^ R 2 tt ^ 7 A°^- 1*>, 2*V 3^r 3*}- , ^^1^71, o>^7l 

HL^ A}olfS. ^7lolJl ( w>^^>7fl^ Ci~C 4 ^ C 2 ~C 4 ^ ^^1^71, C 6 ~C U 

Si ^>l7l 5E^r C 3 ~C 6 ^ A>°1#3. Rl ^ R 2 7> ^ ^3* ^ ^ ^ & 

4. %7\ Ri R 2 ^-5.31^3. ^l«r€ ^71, ^1^71, o>^7l, SL^- *H«. <£ 



<52> #71 -8-71 ^-g-Tfl T 1 ^ 3^ ^1S^ «m *Hfi«l\i <Hl€fl^ 

^-El-Cl^l ^ -o] ojtf. 
<53> o_ 7l ^s.^ 5)-^^ 2:71 f^^H -g-^-oflA^ ^^-g- ^l^M 

# ^ sa* ^ °>m^ ^ -f^>7ii 7ii^ ^ sa^. # 

7 ] jfr 7 ) ^^.741 ^ 7 >^ #*?H 0.01 ifl^l 10 W>^«> 
Tfl^ 0.01 ifl^] 6 

<54> #71 o>M^7^1 ^ttr *>7l 3^-*Hl 4^1 5^-§-3. M^ 0 ^ 1 } : 
<55> [S^^Hl 4] 



<56> 




(x) 



m 
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<57> ^-71 Alofl^ f^o. e}-^^ 1 ifl*] l 0 o] <y-^ 7lj 1 vfl*l 10^ ^A}7l ^ 

t 1 6 ifl*] 10^ o>^ 7 )olji t X^r ^-S^IoIjl, m4 n^r 1 vfl*l 5^ ^o]jl m+n ^- 6 o] 

<58> ^-71 5}-^ 4^ S^#£r -H^H -g-^H 2] 7>i^^^- °}*fi^- ^ ^ 

, 3-#S^.o>q^ ; 3-a.S2.^#, 4-#3.^>M# ) 4-ti^a.o>u)^ 

, 3 ( 5-^#^S.o>q# ( 3-#5.5.-5-#^-.2-So>ul* 5^. 

#7} 5)-*V^ 2^ $7>^& ^ofl Cfl<5}0} 0.01 Vfl^] 10 

^•Tflfe 0.01 vfl^l 6 f^%°lt}. 

< 59 > ol^^s ^jo] - oi^ ^7^1^ *£3-^£^(propane 

sultone), al^]^-, cHli^, 1,3-H3.^# ^Hl"^ ^oIe, N-oHl^^HS.^- 
^-(N-acetylcapro lactam) -f^l °H tt^s)^ ^-^ °Ht}. oj-g- s^-g-sq ^7} 

^ ^sfl^g #1MI tfl*H 0.01 vfl^l 10 w>^^7fl^ 0.01 vfl^l 6 ^^%o]rf. 

<60> M. ig}-Tgo] ^# o]^> ^Sfl^ -f-^ "20-60^1 ^r-£ ^3HH <?>^M 4V 

3*hhje <$^*\°] oi^. ^^] ( 5]^- 

^b^H^ 7^tb el-g-oj^j^ 7}^^^ s]#-^-R- Sj-^l-g; ^ & 

I'll, ^#ol A]~§-S| ^ ojtf. ol£.o] 7>^^<y 0]Ei^eflol^/c)o]E^^- 

7>^tb <^1S.^ LiCo0 2 , LiNi0 2 , LiMn0 2 , LiMn 2 0 4 , £^ LiNi i- x -yCo x My0 2 

(0<x<l, 0<y<l, 0<x+y<l, M£ Al , Sr , Mg, La ^ ^) , 
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LiFe0 2 , V 2 0 5 , TiS 2 , MoS 2 ^ ^ ^ W# ^ ^Tfl^^H 3^1- °1 ^4. ^7} 
7}<x*\<L2. Blf-f-fr Sr^l^ t ^Hls(si), o)a> 

3* ^j(Sn0 2 ), M-ols^ojH jatf. ^71 el#-^3| 

°<J^- % 31 4i, Li 2 S n (n^l), 7fl#BHH(catholyteHl -8-«fl€ Li 2 S n (n>l), 

-H-71 % Jftt, ^ €eW(C 2 S x ) n : x= 2.5 vfl*l 50,'n>2) ^1 $X^. 

^ 7>^*> 1-^, e)# SE*r Hl# ^ ^-0} A>-g-^ ^ Sl^, ^"71 3# 

(mesocarbon fiber: MCF) , nflS^]-^- ^HH5.wl H (mesocarbon microbeads, MCMB) ^4 
^-6. oi^c^o] 5^0^ a]^^ ^ii^ wl^Tfl ^*l(pitch)l- ^ 

1000 "C^MI 1*|Bl«H ^tt iHS 7>^-4 f*3M?H 7}£.o) 

SHH ^th ^1 €■ Sl# o]^> £*]si\ ^sLS. ^<£-g- A>-g- 

^HfH ^H3°l 13-3*1 &^r. 4«H ^ ^H-^ <r 

£^-«H *r-8-*rfe ?M °H ^^-^ f-^^r 1 *fl*l 100 

<63> Av 7 ] ^^g-a- i^-*Kr ^o]^ KV#o] ^aflofl 

M- se^ *>*H* I^AS. £J£3H li^l*] ^l^efloiB^ $-94 q 
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ojE.^, ^WH^l, l-e|o11^^/#BlHS-^€ 2%- €^°11^^/ 

^HS-^/^bH^ 3^ ^l^eflolE^ iE^r ^S^iW^eHlt^/^s^S- 5 !^ 3 

<64> £ ^ ol^V ^11- ^w 0 >^*V ^ *ll*ll*H ^*M-8r 40°C^l^i ^ 15°C 

<65> Ejf- ol^> ^ ^Hl^ ^^^-S- A>-g-^ ^ ^4. <^1» 1- 

<H ^tfl-g- ^^-71, ^tfl-£, Tfl^l, ^Cfl-g- €31*13, ^^i, ^l^>7l ^1 A>-g- 

^ Sa^. °H1 tt^s]^ «W4. 

< 66 > Cf-g-^ ^. o]^l- S-71 tiV^tl; ^Al^l- ^Al^Cf. *}7] 

<67> ^XHl ^ ti] ill ojl 

<68> (^*H 1) 

^M(GBL/EC/EMC/DMC/FB)°1 10/3/5/1/13. °- 7 ) -g-nflofl 1.15M21 LiPF 6 

# %7}f%3L, ^vjjole ^7H1S t^1l« ?mv|lo-|B» ^sfl^H tfl*H 2 ^ 

<?o> <£^. ^^o] LiCcA^"^^: Htem), -SL^K^s] p) ^ wV^c-] (PVDF)» 94:3:3 
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^1^ °)o\) 3E.3L*}Jl i^tt ^ 1-5.31^3. tJ-<3*M ^ 4.9cm<>l±Z. ^^7> 147 urn 

91 ^-^r* all ^£4. -g-^- ^S^CPHS), 3-## ^ *}<&tf (PVDF)» 

89.8:0.2:10^ f^lS. NMP^l #s)e|# 2flSw}uL, o] ^ ^*i*lH S. 

^*}JL £2*1; IH^]^ ^ 5.1cm^lJl ^v\)7\ 178/m^I ^ all 2: 

*>^4. #7l <8=^ ^ £ -g-^ °fl ^eWliiffl(PE) 4^-# !#(#: 

5.35cm, ^M: 18/zm)^S. °>€- ^sHM^!- #<a*>JL , sHr*l ^l°l^°fl 

^ #71 2.3g-§: ^S3*M 660mAh shf-*]3 S]# o]^> ^2,^q. 

<71> (>gAl6fl 2) 

<72> ^>-^.Els.W/<H|^5ffl ?>Ji^olB/<^|^^^ 7fcS.*JMH/cM^ ^vllolH/1-^ 

^S^(GBL/EC/EMC/DMC/FBH 10/3/5/1/13. «1^# -fM -g-nfl°ll 1.15M^ LiPF 6 

# ^7>s>zl, ^mviiojB ^7His ^f-js-^i n^iHH 2 ^3=%^ 

0.25 ^7>§H *112*V 53 # ^^jl #71 ^ahi 14 -g-^v «j-^o. 

<73> (^AHl 3) 

<74> ^-4-^El^^/^^^l ^VilolE/ofl^ufl^ n-a^l^M/cl^ll 7Kt±ViHH/^f- 

iL3M(GBL/EC/EMC/DMC/FB)°l 10/3/5/1/13 «1^# -R-7l -g-nflofl i.i5M£l LiPF 6 

* -%7}i5}jL, ^vflolH ^7H1S. ^J-iUlMH 1 «1 ^ 

0.25 ^7>*H ^2*1 ^Sl^ #71 ^aHI 14 ^-<aj*v «T-^ o. 

JL Bl# o]^> ^s^nf. 
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<75> (*UH1 4) 

<76> ^>-^-El 5.^/^1^^ 7mMl 0 lH/^^t 3 fl^ 7}im}o}^/vlv\M ^MlolE/S.s 

.2. .3. ^ ^ ( GBL/EC/EMC/DMC/FB ) °1 10/3/5/1/13. ^€ -ft-7l -§-*lH 1.15M^ LiPF 6 

1- $7}H>}51, 7}£_^]o}3. ^7MS. #^S-ffl€^l ^ViL^HB 1 3-tSS<^}^ 

# 2 ^7>§H ^i^M-i: ^lStb ^-71 *3*H 14 o. 

<77> (^A]<^ 5) 

<78> #n}-^tq €31 ^KSUiHHHllHli ^ViLi-iHH/t^m ^JSL^HB/^ 

iL5M(GBL/EC/EMC/DMC/FBH 10/3/5/1/15 ^7} -g-*lH 1.15MS] LiPF 6 

# ^7><5>JL, 7>a.v|lolH ^7>^S. 7ViLvlHB 1 0.25 

^ 3-#3.3.sH# 2 #^%« ^M^8: ^lStb A o v 7l 

<79> (^H 6) 

<so> ofl^^ 7>S.vllolH/^^^^ 7Vivilo)H/^nfl^ 7VitilolE/as O^Wfl^l 

(EC/EMC/DMC/FB)<>1 30/50/10/103. $-7} -g-*lH 1.15M^ LiPF 6 » ^7}t\jl 

<81> (^Hl 7) 

<82> ofl^^ ^VilolE/^tJfl^ 7}-^. Ml ol H/l-f-S.S.'M 

(EC/EMC/DMC/FB)°1 30/50/10/105. -fM -g-^H] 1.15M^ LiPF 6 l- ^7}f>}51 
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, ?ULv)HH ^7}*\}S. ^m^ojE 5 -5j % ^ o.75 

<83> (tiliH^l 1) 

<84> ^Hf^l 3.^/^1 1*8! n^-^^H/^loll^ 7ViLt)lo]H/£Hli 7hM 6 lH/l-^ 
^3«(GBL/EC/EMC/DMC/FBH 10/3/5/1/13. ^€ -R-7] -§-nflofl 1.15MS] LiPF 6 

<85> (WliE^l 2) 

<86> ^m^HB/ofllHlli 7mMloiH/tq^ll 7}iLtlHB/§-¥- 

.£3iM(GBL/EC/EMC/DMC/FBH 10/3/5/1/13. £^ -fi-7l -g-*lH 1.15M^ LiPF 6 

# ^7>s>JL, ^7}*\)£. 7V^.v11o]e 2 ^7}<!rH 

S*V 3^8: 4$]t}jL A oM 14 -^o^^v tij-tf e]«- ^S^cf. 

<87> (tilJU^l 3) 

<88> oH^^l 7>iv|lolH/^€^^ ^JsL^HB/T^Hli 7>l±^olE/^^^ S «fl^l 

(EC/EMC/DMC/FB)°1 30/50/10/ 103. $-7} -g-°Hl 1.15MS] LiPF 6 l- ^7}^H 

<89> (alJ2<^l 4) 
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(EC/EMC/DMC/FBH 30/50/10/103. 1.15M4 LiPF 6 # ^7>4^- 

4^4suihb 5 ^7>^H 3# A o v 7l l 3 ) - 

<91> («lja«afl 5) 

<92> ^- D ]_w.£)S^/oll€^l ^i-ll^S/^^^^ 7K5L^HB/tH 1 i 43.MHB/#-?- 

^3^(GBL/EC/EMC/DMC/FB;H 10/3/5/1/13. £^ 4^ -g-*H 1.15M4 LiPF 6 

» $ 7}4JI , 43.4 <>1H ^7H13 4^ ^ 0.25 ^7>^H ^lStb 

^j-g- *H4*>:[i #71 14 ^^-3 4# <>14 ^4534. 

<93> #71 i ^ aisoil 1 ^ 24 4# o]4 tfl^ 25t:<*IM ^^^--^^ 

#(CC-CV) S^HH 0.5C, 20mA cut-off4 4.2V4 3s ^3 

S3*HH 2.75V7H ^Sl^HS* ^7>4£4-. is) ^« 0 v 3l ^ 

4» s. 2^1 5^14534. £ 2*114 4^ ^o] ^^ofl 4^ ^aHI 14 «^-g- 

tilJU^l 14 2^1 4*H ^7fl 4^4. 
<94> ^-7] 2 £ Hi Jul ^ 1 ^ 24 3# °14 #4°fi tfl*H ^^^--^^U-(CC-CV) 

a&3«HM 1C<*I14 20mA cut-off 4 4.2V^ ^ ^^3 #€tt ^, ^^Ht S7i 

*HM 2.75V4*1 ^4^4. #4 f^-i: 504 44*H ^7>4 

4 zl £ 3<H1 514^4. -£ 3*114 JsLtt 4 s * 43-i-iHH. ^7>^# ^7> 

44 &-gr ti] iHoll 14 ^-oofl^ ^r§o] ^*1 444&0.4 4^.vilolB $7}*||* 

aijaofl 24 ^^Hl 24 ^-Mfe ^-§H8°1 3 °.3 4^4. 
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<95> #71 ^AHl HlJE^^ ^joll tflSM al* ^7>*>7l 1, 

2, 3, 6, 7 ^ wlHofl 3, 4^1 ^11- 4.2V ^ 90°C^ 4*1# t\ 

*1 #*1 100%S ^-fS] HO] ^H^, 107fl^ Efl^B 

<96> [£. 1] 





^7MI 


a7|^f7|| 
(mm) 


^l(mm) 


*n 


*jA|o}| 1 


FEC(2 f^%) 


4.15 


4.82 


116% 


i^M] 2 


FEC(2 f^%) 
VS(0.25 f^%) 


4.15 


4.45 


107% 


^^•Ml 3 


FEC(1 f^%) 
VS(0.25 ^%) 


4.15 


4.29 


103% 


6 


FEC(5 


4.15 


12.81 


309% 


aJa|o}] 7 


FEC(5 f^%) 
VS(0.75 f^%) 


4.15 


5.22 


126% 


Hi 5^1 3 




4.15 


5.25 


127% 


Hlia<m 4 


VC(5 ^%) 


4.15 


13.45 


324% 



<97> ^) FEC : 1-^5.^111 7>a-VflolH 

<98> VS: wl'd^S- 

<99> VC: ^Vitll^H 

<100> #71 5. l°fl 7l^fl^ H><4 ^-ol, ^- M^ofl ^ ^X\6\) 2, 3 ^ 7^ ^-f JL^r i 

7}iUlMB n J:-g- ^-g-^- m#ol -f^-fr o a V - oj^. 

<ioi> ^A]^ 2 ^ al^^l 52] e)# o]^}- cfl5>Ql ^^-^#<y-(CC-CV) 2:3 «HI 
*1 0.5C(20mA cut-off )$) ^ , 4.2V^1 ^ ^^AS f^tb ^F, ^-ff S^HH 
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0.2C, 0.5C, 1C ^ 2C°lH 2.75V*M «o V ^i^4. =L 4°fl JE^^cf. £ 4 

ofl-H iLxr «r$r €^^11^ ^vilo]H^ ^7Kr <jUH 221 « 0 >^ 

«W -M^- ^ ^7Vtb 5«11 al*H 33 H-Bj-^. 

<102> (^H 8) 

<ios> 3,^M^ n^il°lB/<Hl^^l^ ^vllolH/4^1^ 7riU11°lH/t-?- 

.2.5. <M (GBL/EC/EMC/DMC/FBH 10/3/5/1/15. ^tHS -R-7l -g-nfloil i.i5M^ LiPF 6 

1- $7>*KiI, 7>a.v)lolH ^7H1S. ^vilolH* ^Sfl^l 5 # 

<i04> <#^. ^^o] LiCo0 2 (^5-^^: 10pm), S^Kn^ P) ^ ^^(SBR; ^B} $1-^ 

4^ J^r)* 94:3:33] #^*15 |7}sH ^s^l- ^^}^cf. -^71 ^si^# 

^^1-5- $H Si^L ^ f^elliS. <y-<3*H ^ 4.9cnH;n ^^7> 147 

(m9l ^-^r* ^lS^l-^q-. ^ ^^(quasi-artificial 

graphite; CIS), ^-#^> ^ ^^(SBR; iEj ^-^fE}^ ZL^)# 89.8:0.2:10^ ^^ti] 

31^5. <y-^*H ^ 5.1cm°l JI ^-v\}7\ \7%im9l ^ ^ 
& ^ A r <>Hl -^eHlli^KPE) 4^ 5.35cm, ^1 : 18#m)JL5. 

& ^elM^* #<y<5}ZL <?Hr*H 4^*1 ^lol^ofl l^o. ^ ^ 

2.3g-§: 750mAh ^HM^ o]^> ^}^}^, 

<105> (>gAH 9) 
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<ioe> ofl^^l 7Viti}olH/ofl^^ll^ 7>JH4MB/cH , a ^ti]olE/^3 o_^tifl^l 

(EC/EMC/DMC/FB)°1 30/50/10/103. °- 7 ) _g. n fl6|] 1.15M21 LiPF 6 » ^7>s>Jl 

, 71-Jiv-lHB ^^HlS 7hMHBl- ^tfl^ofl tflsH 5 ^7H><^ 

^lStF 3^§- *H^*}:n ^Alofl 8 4 s-^fV wj-^ Oj*} ^] 

<107> (tljilojl 6) 

<108> ^]-W.^S.^/oll^?l 7>atilolB/^lnfl^ ^iUiHH/^Hl ^vilo]E/S.s 

^M(GBL/EC/EMC/DMC/FB)°l 10/3/5/1/13. -g-ulH 1.15M^ LiPF 6 

<109> (tijiE^l 7) 

<110> oflTg^ ^-a^^lB/^^^^ 9}^)o]^/v]v]}^ 7mvilolB/#^S^^l 

(EC/EMC/DMC/FBH 30/50/10/103. -fM -g-nflofl 1.15M2} LiPF 6 # ^HrH 

<m> aj- 7 ) ^a]^) 8, 9 ^ alJELofl 6, 7^1 ^^ofl rfl^ *j 

(CC-CV) S££HH lC^l^(75mA cut-off)^ 4.2V^ ^1^5. ^, ^ 

*lff- S^HH 1C°1H 2.75V^j u o v €^>S^. #7l #« 0 >*l-g- ^f^f ^ 

7}-5}o) ZL £ 5^1 £^£4. £ 50^ cfl^^l ^-^^ 70% ^ ^]^o!4. 

£ 5°1H Ji^r w>5!f ^-ol 4^u|)olB ^71-^1- ^7H>4 tiling 6, 7^ ^-fofl^ 
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^^o] ^.3*1 ^*>£)^o.i4 ^JiMMH ^7H1« ^X|ofl 8, 9^1 ^-f^lfe 5002)<^1 

<H2> (^H 10-13) 

<iis> o]]^^i ^tivllolE/^^^^ ^tilojH/^^^ ^>iLMl <>1 H/#-?vfi.3.ifflJffl 

(EC/EMC/DMC/FBH 30/50/10/105. £tH3 -fM ^-nflofl 1.15M^ LiPF 6 l- ^7>e>JL 

, 7 r iL^HB #^S<H11€ ?mvi}olB» ^«fl^<^l tfl*M 1, 2, 3 ^ 5 ^ 

<iw> %^-^o] LiCo0 2 ( 3 §^- < a^ : I0w), S^K^ P) ^ tij-^cKSBR; ^^-*f 

Efcl^ jl^)# 94:3:351 ^^tils. l-6|l ^7^H aflS*!-^. ^-71 ^Bl» 

$H HIsU £^tr 4- flslliS # 4.9cm°l ^-^7> 147 

^ ^S^l-^cl-. ^ %#^SL 3l<3^<3(DAG10):-fr A r ^<g^^ 

(quasi -natural graphite; CIS), ^-#^> ^ (SBRC^El ^--^-Er^ <3 JL^-)^ CMC(7> 

s^a! ^-i^o^c-l 89.8:0.2:10^1 f^wlS. #^1 ^ #&|sll- ^1^ 

*>jl, 01 ^^sll- ^el ^*1^H Si^l-Ji ^Stt ^ t^sfl^S ^ 5.1cm°l 

51 ^1 7> 178^<?1 ^ ^lS^^cf. #71 ^ q-^r ^ ^ ^-^51 A>olofl 1- 

Blofl^^l(PE) t^vq 5.35cm, ^1: 18pm) ^ ^>€- *H ^ efl 0} ^\ # #<^1-ji ^ 

#1, °*H?*H =HM1 *M^4| ^ ^"71 ^«fl^ 2.3g-i- ^*r<*| ^^Hl 10-13 

^1 800mAh 2H?-*l«g el* ol*} ^l^^V^cf. 

<115> (v]J3.*)} 8-11) 
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<ii6> oil^^l ^vi)olB/o11^^m ^}^}o)^/^M 7V^-^°lH/#^--2-S.1il^l 

(EC/EMC/DMC/FBH 30/50/10/105. «1^ -R-7l -§-*lH 1.15M3 LiPF 6 # $7}*}JL 

*H2^ 5}* afl^^ ^7] ^Hl 104 y o v ^^ sl# °1^> 3*1* ^2:^^ 4. 

<ii7> (tilUMl 12) 

<118> ofl^^l ^^l^H/^m^ll 7l-a.vilolE/l-^S.^^!/HS^?l 9}^) 

(EC/EMC/FB/PCH 30/50/10/10S. -9r7] -g-nHl 1.15M^ LiPF 6 -& ^7}f>}<$ 

*fl2^ ^l^l^JL #7l ^*H1 104 ^^tV ^f- Tfl^^^cf. 

<119> # 7 | ^X|ofl 10-13 ^ HliEofl 8 ~113 e)# ol^]- ^ofl cfl^H -20°CB] ££0^ 

^^^-^^^(CC-CV) 2£*HH 0.5C(80mA cut-off )S. 4.2V21 ^*1 ^4*1 * 

6 oflAi ^ ^ ^ ^-^^ #^Li^m3i ^viio]E» ^-a-*v ^>-§-?}- 

^aHI 10-13^1 511- o]^]- « 0 >^s.^o] til^^l ^vilolHl- 

^sfl^-i: A l~§-^ y l^l 8~ll°fl «]*H -r-^ 3°-5 M-El-^cl-. 
<i20> ^-71 ^^-Hl 10-13 ^ «1 JH«^1 8-11^1 el# cl^h *i*Hl tfl^H C-rate^l 4€- -8- 
^ ^^-^^(CC-CV) S^HH 0.5C(80mA cut-off) 4.2V£l 

^€ ^^tb ^, S^SHH 0.2C, 0.5C, 1C ^ 2C<=>\)*\ 3V?}*1 

^nf. zl H 7a ^ 7b°11 JE^^n}-. £ 7a ^ 7b°lH a>4 ^1 

^1 4^1o}e^. *vo.*v ^sfl^^- ^X\df\ 10-13^1 Sl# °)*} 
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x]o] ^ofl^o] C-rate^l 4^- U^^l «1 ^ ^1 ^KfcUlHH* *i*fl^ *}-%- 

tb tiling] 8~lH h^o} -f^tb 44^4. 

^-71 ^a1<^1 13 ^ tilju^l g ui 12 cq o]*> ^)6\] cfl^ ^ff-^^ 

(CC-CV) S^HH lOlH 80mA cut-off^) 4.2V^ ^1^5. ir*I*V :f , ^ 

*H ^ £ 8^1 £ g<%*\ ^ n}3\. Qo] ^vilolHl- 3 

7}i& B]JZd\] 95 2f tiling 12^ 170 A>°1#<*IM ^S.^ol ^*>2£)^O.l4 ^A]ofl 13^) 
3003MHS ^S^oj -f-^Tfl -fr*]^^. 

*Kr #^ 4^1" ^£4. °1 2HM-I- ^ISS ^B] B}^1^ oj-g-^ 

0.025L/3L$] XRD -£*1*>£4-. detect or £l Sfl^S^ 0.037JES34. 

X-ray 2^>fe CuKa-i- 0 l-g-s>^cf. XRD ^ ^ z\3.±t 20 vfl*l 25£°ll ^fl*} 

^Ml 1^ ^ *WH ^l^-l- 40t?<*IH 15 °C # 

* a?l*HW 7>i3.Sn]-£ZL2fl5X]-^^^(GC-MS)^ ^ 14£-<*fl *i #-f-iLS>l| % 

^3 ^7>^ ^7H1^ ^71 ##A] 7 r iUlHB3l o. 7 ] _g. D fl 
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<125> M^o} ^ oj «c>o^ ^ o. 7 ^ ^o)l o^a) _g. 
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1] 
2] 

a. 

3] 

[ l] 



4] 



o 



0 A« 

O O 




X 
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5] 

*ll 1^1 9l°l*\, #7] %7}2\)±r %-^o\] cfl^H 0.01-10 f^%5. A> 

6] 

*I15^M] &<>H, #7] ^Vivilo}E ^7^1^ ^o\] cfl^H 0.01-5 

7] 

#71 ^#^^r LiPF 6> LiBF 4 , LiSbF 6 , LiAsF 6 , LiC10 4 , LiCF 3 S0 3 , 
Li(CF 3 S0 2 ) 2 N, LiC 4 F 9 S0 3 , LiA10 4> LiAlCl 4 , LiN(C x F 2x+1 S02)(C y F2 y+ iS0 2 )(^7l , x ^ y 
LiCl, £ LilS. o)^o]^\ ^.6\]*\ ! ^ £ - 2 # o]^-o] e)# 

8] 
9] 

*U^H] 9X°]*}, #71 JlHl^ -ff-7] -g-ofl^ 100 °C oj^Vo) al^^ 7}*]±t -g-nflol ^f- o] 
10] 

*fl9lHl 91°]*\, #7l -B-71 -§-nfl^ 150TC ^1#^ Hl^^- 7]-xl^ -g-nflo] e)# o) 
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111 

^110*oHl &<H*1, ^71 Jitil^ -^71 -g-tfe 200°C 7>*m -g-^floi ^:g. 
12] 

[^^%1 13] 
14] 

*lll3%Ml , #71 7^1^ ?mv11olH^l -^-71 -g-nfl^ 7>Jiv-lH B31 -gr^sL^r 

i^l^m 7K^HH(DMC), t)<*\m 7>tiv|lolB(DEC), 7>iMlol3(MPC), 

7>iLvlHB(EPC), Pfl^oil^ ^mvilolHCMEC), ^JjUiHHCPC), ^ii^l 7> 

ilvilo)H(BC) ^ £^-#3. o)^^^l ^ofl^ ^b«s1^ 30] ^ 0)^ ^xj-g- ^ 

15] 

f-*Hr ^Sl e)# ol^> ^^l-g- *}*fl;g: 
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(R)n 
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16] 

ofl^i b)# o]^> ^isfl^. 
13^*8- 171 

*nrM sa«n^, ^-71 *\7] 3^ -e-7i 3 s.^\ 

[ 3] 
O 

Ri-S-R 2 

6 

^-71 Rl ^ R 2 ^ Z}-Z}- S.^^O.S 1*V, 2^> 3*1- °^7l, ^711^71, o>^ 7 ] 

*W#5 ^^71 olTlM- H~ R x 31 R 2 7> ^] JIS}* 

is] 

*lll*<Hl ^"71 Rj ^ R 2 ^ Ci~C 4 ^ ^7], C 2 ~C 4 ^ iHl^l, C 6 ~Ci4^ 

o>^7] C 3 ~C 6 ^ *W#5 M^o] o)*> ^Sfl^. 
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191 

5fl°w. #71 Rj ^ r 2 # sm^- ui^7ii- £tsfb °i*}- 

20] 
21] 

^17%H1 &<H>M, #7l -fr7l ^^Tjl W#51 ^7>^ #^1 tfl*M 0.01 vfl 

*1 10 Bl# o]*> ^xl-g- ^«fl^. 

22] 

^121%H1 &<>H, #71 -fM ^^Tjl 5h^-#Sl ^7>^ ^Sfl^ ^o\) tfl§H 0.01 xfl 

23] 

*Ul%Ml 91°]*), #71 ^sfl^ ^r>7l 3^*1 4^1 Cl i^Kr ^# °1*1- #*1 

-§- 

[ 3^«M 4] 
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(x) m 

^-71 *)6\}*\ R 4 £- i 10 o] <£zj 7 l, ^fc.^ i 10^ ^Al7l JE^r &± 

^ 6 10^] o}^ 7 )o)j L> X ^ ^-S^1o1ji i m 4 n ^ 1 v}]*l 5^1 ^^ojji m+n ^ 6 °] 

24] 

4-#^S.^H#, 4-#S.5.o>u]^ ; 4-wsaovq# ( 
2,4-t]#JfLo_j-oj.q^ ; 3,5-c]#^^H#, 3-tSl-5-IfiSo[q ^ ^ o^o} ^ 
^-#5. oj^-o^ ^ofl^ ^S}^ ^ol s]# o]^> 
25] 

^]23^°fl 5^*], ^bM SJ.*H 45] S}-^-#<3] ^7]-^ #Sfl*J #%=ofl tfl^H o.Ol ifl^l 
10 ^%<?1 e]-§- <>1*> #*l-g- ^sfl^. 
26] 

*ll25^N 5a°H, #7] 45] 3^#£] ^7]-^ ^«fl^ ^ofl ufl^ o.Ol tfl*l 

6 2]# ^l-g- ^i^^. 

27] 
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28] 

sultone), fl^l*, ^^1^^-^, l , 3-S.S. N-°M|^7>=5.eJ- 

iKN-acetylcaprolactam), -fM 41^1 ^ ol^-^^l 

29] 

[ sJ-^H 3] 
O 

„ 11 
R1- S -R 2 

& 

^7] ^lofl^ Rl ^ R 2 ^ Z]-Z}- SL^mSLsL 1*>, 2^V 3*V M7l, ^^7), o}^ 7 ] 

iE^r *\°m3- ^^7) o]7lu} J£i=. Rl ^ R 2 7|- ^1 ZL&ll- 

30] 

429^] $X^, ^7} R x ^ R 2 ir Ci~C 4 B] <£z}7l, C 2 ~C 4 ^ tHl^l, C 6 ~Ci 4 
^ ^71 HL^ C 3 ~C 6 ^ *\°}WS- ^7)91 e)# o]^ ^*}-g- 

31] 

^129%H] sa^H^i , #71 Ri ^ R 2 ^ ^ Ul^7ll- i^?Rr ^o] 3- ol^j- 

^^l-§- 
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[3^8- 32] 

13 ^ 33] 
[^H" 34] 

[ sJ-^H 1] 



[^t 1 ^ 35] 



o 




X 
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36] 

*fl29^<H| &<>H, A oM ^KsUHolH $7}z\)±r 3^ tfl*H 0.01-10 &*&%3, 

Hl# °1*> 3*1-8- 3*fl^. 
37] 

^136%H1 ^7} ^-JiiflolH |7M^ 3*11^ #«?HI cfl*H 0.01-5 Af 

-8-3 *r ^# °1*V 3*1-8- 3*M. 
[3^* 38] 

Elf- o]^ 7 >^^ol olE^sflol^/clolEl^Sllol^ 7>^*V #^ , e]-§-oj^4 7 }<^ 
*\<LS. ^§ ^ #^ Sfe %7fl ^ %#^sL i 

elf- 7>^^oj «yE^5jloixi/tqo]E^5)loiAj ^ _ £) # 

tfi*l *1137W *>H-3 %H1 3*M-§r i^*Rr o^> 

39] 

^38%H1 S^*!, ^71 <$^r sl#-M^-^Ml ^ 

Bl# °1*> 3X1. 

I^T 1 ^ 40] 

^l38*oHl 5^1, # 7 ] o.^- ^o] ^ oj^v 3*1. 
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41] 

[^U- 42] 

*f|38lN Si^H, #71 e]-§- oi^> ^x]7> e}# o]£. 2 ^ ^-g. ^eH 
3# oi^> 
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